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The accuracy of learning results relies on the evaluation and assessment. 
The learning goals, including problem solving ability must be aligned 
with the valid standardized measurement tools. The study on exploring 
the nature of problem-solving, framework, and assessment in the 
Indonesian context will make contributions to problem solving 
assessment in Indonesian educational learning system. This review 
involved 32 studies that focus on problem-solving test development 
conducted in Indonesia and have the Indonesian version of the test. All 
tests are in the scope of certain subjects (mathematics, science, physics, 
and chemistry) and administered grade 7 to undergraduate level. Each test 
revealed a good value of reliability. Most of them have acceptable 
reliability score (r-value between .60 and .80) and high-reliability score (r 
> .80). Besides, they also showed content and construct validity 
(acceptable r value in Pearson product moment analysis and INFIT 
MNSQ index), but additional analysis is needed to fully develop the tests’ 
empirical evidence. All the tests are categorized as domain specific 
problem solving which focus on mathematics, science for junior high 
school, physics, chemistry, and biology. In addition, the topic coverage in 
the test should be improved and further studies about the measurement of 









Based on the 21st-century framework, education is directed to learning and innovation 
skills such as problem-solving (Partnership for 21st-century skills, 2009). As a consequence, 
the educational practice is trying to implement a learning strategy based on the stated 
problems (Ferreira & Trudel, 2012; Hung et al., 2012) and use assessment for evaluating 
problem-solving skills. In recent days, there are many types of problem-solving assessment 
tools. Since the theory of problem-solving develops rapidly through many research and 
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studies, the assessment tools of problem-solving also varied. There is various problem-solving 
assessment in terms of their forms (i.e., computer and paper-based test), settings, and 
background frameworks. However, the varying study of problem-solving led to some 
confusion (Greiff, 2012). Different theories sometimes explain different purposes and views 
in defining problem-solving. Indeed, exploration of the terminology of problem-solving must 
be made to get the necessary knowledge for assessment study. One theory may contradict 
with others, which makes the identification process becomes critical for starting problem-
solving assessment study. 
There are many kinds of well-known problem-solving tests available for educational 
purposes. Starting with complex problem solving (CPS) that was developed in different 
assessment tools like Geneticlab and MicroDYN (Sonnleitner et al., 2012). It emphasizes the 
ability in making connections with previously dynamic and unknown system. The complex 
problem solving means that if the problem situation changes, successful integration and 
exploration of information or knowledge are gained by the user intervention or environment 
regularities. Programme for International Student Assessment (PISA) also used CPS in 
assessing educational system among countries, but they focus on the interaction between 
problem and problem solver (OECD, 2014) and now they are focusing on a collaborative term 
of individual to be engaged in the team for solving the problems. Therefore, students are 
predicted to be able to establish an effective team organization while solving certain problems 
(OECD, 2017). The other term of problem-solving is firstly raised by Polya that specifically 
addressed problem-solving in mathematics. Then, many studies developed a problem-solving 
framework and assessment in a specific domain and revealed that problem-solving has a 
strong relation with knowledge (Dermitzaki et al., 2009; Liao, 2002). The rationale of 
domain-specific problem solving is that some problems that happened in a specific situation 
can be solved only by experts who have a strong background in that field. Moreover, in 
teaching practice, many educators use specific-domain problem-solving in teaching problem 
solving based on their subjects (Gok, 2010). As there is inconsistency in the problem-solving 
terminology, then further problem solving impedes in general term and also narrows in 
domain-specific areas such as science, mathematics, management, and technology (Sugrue, 
2005). 
The evaluation of problem-solving skills had been done in many countries as PISA launched 
cognitive and collaborative problem-solving assessment. However, some countries did not 
participate in PISA problem solving including Indonesia. The profile of students regarding 
problem-solving in Indonesia is unknown yet since there are no comprehensive studies in the 
problem-solving survey. Despite many studies conducted in problem-solving based learning 
(Asyari et al., 2016; Iswandari et al., 2017) to improve student’s problem-solving skills in 
Indonesia, there are few studies focused on problem-solving assessment in Indonesian 
context. Thusly the evaluation and review of student’s problem-solving assessments are 
needed to be prioritized to get a deeper understanding and develop further recommendations 
for developing the problem-solving assessment. 
Theoretical Background 
Definition of problem-solving:  the general term of ‘problem’ and ‘problem-solution’ 
To get a deep understanding of problem-solving, many philosophies and psychologists 
think back about the root definition of problems and how to solve them. In the present study, 
based on the Cambridge dictionary, the word ‘problem’ is described as a harmful or 
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unwelcome situation or matter needing to be dealt with. It is also defined as a person, 
situation, or thing that needs attention and needs to be overcome. The term ‘problem’ 
conjugates with the word ‘solve’ which mathematicians refer to as problem-solving 
(Schoenfeld, 1987). The others argue that the problem is related to a condition, they 
mentioned that the problem was a situation in reaching some goals (Glaser et al., 2009). The 
solution can be a goal for problems and every problem solver is seeking it. Besides, it is 
important to emphasize that the problem has more conceptual depth than just a question. In 
the ‘problem’ standpoint, there should be a clash between belief and claims, fact and thought, 
or between people’s thoughts (Carlson & Bloom, 2005). 
There are two classes of problems, firstly it was a well-defined problem that its goals, in 
which the way to solve the problem and the obstacle in achieving the solution are well known, 
based on the knowledge and information given. Secondly, ill-defined problems that are 
characterized by the lack of path solutions. There is no exact solution, so these problems can 
be solved in many ways and the task to solve the problems becomes more challenging 
(Davidson, Sternberg, & Sternberg, 2003). Multiple arguments and problem representation 
may be the best present for ill-defined problems to find the right solution. Moreover, the 
problem is only a problem if we do not know how to deal with it. Solving the problem then 
becomes critical even done in simple ways, comfortably by routine or familiar procedures or 
when it requires complex conditions. Thus, solving the problem requires high mental 
activities in case they must be smartly identified and the best solution to be specified. The act 
of solving the problem then involves a mental and cognitive process. Even many neurologists 
propose a constructive model of brain function related to problem-solving process. It arises 
from the interaction sub-network and system level of brain that coordinate together in 
multifaceted cognitive process (Bartley et al., 2018). 
Solving the problem is accounted for as variant formulations of seeking the truth and building 
a foundation of knowledge. It is a principal unit of achievement (Nickles, 1988). However, a 
problem solver itself imposes an inquiry process in figuring out the truth and finding the 
formulation of good problems, searching solutions to it, and testing those solutions. Those 
principles are also similar to what Polya (1945) explained; problem-solving involved some 
activities including understanding the problem, developing a plan, carrying out the plan, and 
looking it back (Schoenfeld, 1987). He was describing problem-solving activities as a linear 
progression from one stage to the next level and advocate that was the way of solving the 
problem. Some studies describe problem-solving behavior in different phases of 
metacognitive activities such as orientation, organization, execution, and verification. The 
problem solver can shift to the next phase of the solution when metacognitive decisions result 
in real behavior or cognitive action (Carlson & Bloom, 2005). Moreover, the stages in solving 
the problem in which every problem solver must be able to recognize or identify the problem, 
mentally define  the problem, develop a  strategy for the solution, organize  the knowledge 
about the  problem, namely, using both mental and physical activities for solving the 
problems, monitoring their progress, and evaluating their solution for accuracy (Davidson, 
Sternberg, & Sternberg, 2003). Furthermore, he? said that those stages are not always 
processed sequentially through all stages. The successful problem solvers are indeed quite 
flexible. Sometimes the solution to a problem gave rise to another problem. And again it 
needs to be solved through the problem-solving cycle. 
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Intelligence domain-general problem solving 
Domain general problem solving reflects a necessary skill for adapting the cross-
cultural and complex problem environment in our present society. It connects on cognitive 
and metacognitive process such as reasoning, making planning and decision, information 
processing, meta-strategic thinking, and evaluation of knowledge (Greiff et al., 2014). 
Domain-general problem-solving in educational contexts is relevant to skills in the daily life 
of 21st century. For example, in the secretary job, organizing and scheduling a business 
meeting relies on specific skills. In order to fully accomplish the task, the combination of 
knowledge, strategies and experience will usually suffice. But, when the new situation arises 
or something unexpected happened, the domain general problem solving comes into play. It 
has a purpose to adapt to the new situation, explore new solution, and make correct decisions 
and fast adjustments (Greiff & Neubert, 2014). 
Complex problem solving (CPS) 
Complex problem solving is one of the domain-general issues that is characterized by 
the successful interaction with a dynamic task environment and gained through integrated 
information in that process (Wüstenberg et al., 2012). It is also described as successful 
interaction with non-routine and dynamic changing of the environment. It represents a variety 
of situations that happen in daily life (Rudolph et al., 2017). CPS emphasizes a complex 
cognitive system, like planning the action, developing a strategy, acquiring the knowledge, 
and making the evaluation that led to specific goals (Funke, 2010). The basic knowledge is 
needed to identify the most relevant structure of the problem and assists in covering possible 
states of the problems, as well as the problem structures and schemas. The benefit of 
knowledge is in connection with fast prediction and problem analysis, which makes problem 
solver be able to accept, reject, or modify previous assumptions (Greiff, Fischer, et al., 2015). 
However, the main point in complex problem solving is not all of the information is necessary 
to solve the problem. It is more pertinent to a process in generating information processes 
with adequate strategies and procedural abilities to control the given system (Wüstenberg et 
al., 2012). 
As part of domain-general problem solving, CPS is independent of the person's prior 
knowledge. The knowledge is important, but in the CPS task most information is not needed 
because it will result in decreasing the process of controlling the system and integrating 
knowledge (Greiff, Fischer, et al., 2015). The requirement of problem solver in complex 
problem-solving scope, includes (1) the complexity related to reducing information, (2) 
transparency in generating information, (3) interconnectedness in building problem’s model, 
(4) dynamics in forecasting and controlling future development, and (5) polytely, reaching 
more than one goal in complex situation (Funke, 2010). CPS is comprised of two phases, 
knowledge acquisition and knowledge application (Dindar, 2018; Funke, 2010; Greiff et al., 
2014). In the knowledge acquisition phases, the problem solver identifies the dynamic and 
variables provided by the system and try to develop a representation of the stated problem. 
They need to explore and understand the complex system. In the knowledge application 
phase, the test takers transform the complex system into specific state and control it by 
updating their knowledge. 
The assessment of CPS is varied among studies. In some cases, their results reported many 
variations and differences. Based on a meta-study conducted (Stadler et al., 2015), the 
measure of CPS is coded into three different measurements involving classical CPS 
measurement, single complex system (SCS), and multiple complex systems (MCS). A 
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classical measurement of problem-solving, for example, microworlds, emulated real-world 
problems (Greiff, Fischer, et al., 2015). At the very beginning, microworlds present multiple 
problem situations very broadly related to society such as governing a small town. Then it is 
replaced by specific problem situations in the new context “microworlds taylorshop” that 
represent problems in the retail business. All of the variables included in the taylorshop are 
very similar to real-world problems, even if the test taker manipulates those variables, it can 
give results in the microworld similar to the real condition (Greiff, Stadler, et al., 2015). 
Hence, the classical problem-solving test may be simple but necessary to give a simulation of 
realistic problem situations. There are some limitations to the use of classical measurement in 
assessing problem-solving. It has resemblance to real world more and did not have systematic 
theoretical framework in their problem-solving test construct (Funke, 2001). Another 
weakness in classical measurement is that one task comprises several interrelated items. The 
problem solution is influenced by many other variables and participant’s previous action. 
Thus, the items are hardly independent of each other. 
Besides the classical measurement, problem-solving tests also developed in the form of a 
single complex system (SCS). One of the popular SCS problem-solving tests is multifluxplex 
firstly designed by (Kroner et al., 2005) based on the linear structural equation system. This 
test is considered as a one-item-test because the scenarios are generally constructed by one 
specific system configuration. Indeed, every indicator assessing every domain in this test 
during the system exploration is related to the same structure (Wüstenberg et al., 2012). Even 
when the test taker does the different tasks of test series with different goals, it still depends 
on the same system structure. In this program, participants will explore some tasks that have 
some additional effects in generating knowledge. The multiflux have four principles in their 
system (Christ et al., 2020; Wüstenberg et al., 2012), they are rule identification strategy, 
causal knowledge, rule knowledge, and rule application. 
The third type of CPS is multiple complex system (MCS) that has some differences compared 
to classical and SCS in the term of the variables. In contrast with classical and SCS problem 
solving, MSC uses multiple and independent items to assess problem-solving ability 
(Wüstenberg et al., 2012). One of the MCS problem-solving tests widely used in the 
assessment process is microDYN. This test is a computer-based assessment with multiple 
independent items and multiple control roles in each item (Greiff, 2012). This test consists of 
8-10 complex items with 3 different input variables (denoted as A, B, C) and three output 
variables (denoted X, Y, and Z) (Rudolph et al., 2017). The test takers make interconnections 
between input variable and output variable by manipulating it. The test is modified with the 
pattern when input variable influences output variable, or when output variables? influence 
each other. As is seen in figure 1, for the example, the input variable ‘A’ can influence output 
variable ‘X’ while variable ‘B’ influences variable Y or Z. Even in the same output variable, 
variable ‘Y’ can influence variable ‘Z’. Then variable C influences variable Z and so on. This 
complex interrelation between variables is worked based on the specific equation in which all 
the possible relations are equal to the number of the output variables (Wüstenberg et al., 
2012). 
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Figure 1. The scheme of variable involved in MicroDYN test (Wüstenberg et al., 
2012) 
PISA test of problem-solving: creative and collaborative problem solving 
In the domain-general problem solving, one of the most well-known assessment is 
creative and collaborative problem solving conducted by the Programme for International 
Student Assessment (PISA). They made assessment tools to compare the educational system 
worldwide (OECD, 2016). In 2012, PISA introduces cognitive problem-solving assessment 
framework with a computer-based test design in which the students are faced with daily 
routine real-life problems such as using a new mobile phone, how to fix lamp and electricity 
problems, or finding some locations with different paths/routes (OECD, 2014). However, 
sometimes they involved tasks that are non-routine for the students or test takers but still, the 
problems are pointed to general knowledge strategy. The framework of PISA creative 
problem solving is presented in three distinct aspects: the nature of problem situations, 
problem-solving process, and problem context. The PISA creative problem-solving test 
comprised of static and interactive tasks. The static task is mainly focused on decision-making 
problem tasks with a different type of static units. All of the units are delivered on a computer 
video game mechanics (Dindar, 2018). The interactive unit in the PISA test belongs to 
complex problem solving, microDYN, and finite-state automata (OECD, 2014). They use 
‘control’ and ‘exploration’ of an unknown system for student problem-solving tasks. Four 
units in the test are microDYN units and six of them are finite-state automata. The 
measurement of PISA’s creative problem-solving test is classified into seven proficiency 
levels (below 1, 1, 2, 3, 4, 5, 6, and 7) based on the items or units the test taker can solve. 
Later in 2015, PISA announced the different types of problem-solving tests, and came the 
new term: collaborative problem-solving. This construct has a rationale based on workplace 
demand in which problem-solving is not needed for an individual task only, but a whole team 
project. In specific conditions where no individuals are able to solve the problems, 
collaboration and teamwork become essential to find the solution and reach the goal. The 
collaboration will combine the ideas, methods, and efforts in response to the problems (Care 
et al., 2016). Even in the school environment, collaborative interaction between students in 
class performance will result in better achievement and enhance their ability of  solving tasks 
(Fawcett & Garton, 2005). 
The collaborative problem solving is described as (OECD, 2017, p. 47): “the capacity of an 
individual to effectively engage in a process whereby two or more agents attempt to solve a 
problem by sharing understanding and effort required to come to a solution and pooling their 
knowledge, skills, and efforts to reach that solution”. In collaborative problem solving, PISA 
adds three collaborative competencies while keeping using four problem-solving processes 
from a creative problem-solving framework. The three competencies are (1) establishing and 
maintaining shared understanding, in which the test takers try to identify knowledge and the 
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group’s members’ perspectives about the problem, (2) taking appropriate actions to solve the 
problem, in these steps, the test takers identify the activities that can be done in the team to 
solve the problems and achieve the solution, and (3) establishing and maintaining team 
organization. Here, the test takers have to understand the member and the agent’s role in 
monitoring the activity and facilitating the changes to reach a better performance in solving 
the problems (OECD, 2017). 
In PISA collaborative problem-solving test, they have started to include a new aspect of 
collaborative activities, with (1) hidden profile tasks or a jigsaw. In this task, the test taker 
will be put in a group (with a computer-based agent) and gets a task in which each group 
member has different information and skills. They need to collect and use the knowledge or 
information to solve the problem together. In the test system, the test taker will be forced to 
depend on one another to arrive at the solution, and hence collaboration between members is 
required. (2) the consensus-building task, in this, all of the group members contribute to 
giving opinions and making arguments toward the problems, the decision must be taken after 
considering the views of all group members, even when an argument is not fully altered and 
another argument seems dominant,  they all lead  to a group solution, and (3) negotiation task, 
where not all members share the same idea, and they need to negotiate which ideas can be 
sleected as a final solution that satisfy  individual members and the whole group (OECD, 
2017). 
Knowledge based domain-specific problem solving 
The problem-solving complexity is distinctive not only for its characteristics, but also 
its application in a certain condition or problem situation. Despite being manifested in 
intelligence and general domain ability, some studies put problem-solving in a special, 
domain-specific category, based on its context. This term appeared a decade ago when Polya 
(1945) used problem-solving in mathematics education. He uses problem-solving in stating 
mathematics learning, and later he describes problem-solving in several steps, starting with 
the understanding of the problem, devising a plan, carrying out the plan, and evaluating  the 
problem solution. Then, many educational researchers used problem-solving in a specific 
subject in various learning situations (Mukhopadhyay, 2013; Yu et al., 2010). Acquiring 
problem-solving for students (i.e., senior high school) is provided by teachers through the 
teaching-learning processes pertaining to different subjects. They mainly deliver problem-
solving in domain specificity of situation specificity based on the learning topic. 
The main feature of domain-specific problem-solving lies in the position of knowledge for 
problem-solving construction. Hence, back to the core of the main function of problem-
solving in giving a solution to a problem, the knowledge and strong information related to the 
problem are needed. The solution depends on the information processed (Walker et al., 2016). 
Wolff, 2017 expresses the strong effect of knowledge based on solving problems. This 
knowledge is not specified only for the content information, but also acts in organizing and 
representing information retrieval to facilitate an efficient problem-solving process. The other 
study argued that problem-solving is one of the human competencies that are considered 
domain-specific, it has a relatively narrow domain (Sternberg, 2018). As a competency, most 
people had mastered it in a specific domain and less in others. Furthermore, some studies 
focused on joint action in solving a problem, and their specific condition with the problem 
exists suggesting the role of a situated condition in problem-solving. That makes an argument 
if someone is able to solve one problem, they cannot guarantee to solve another problem in a 
different situation. Thus, the knowledge-based problem-solving can be broken down into two 
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categories,that is, what information in subject-related problem solving of an individual 
possesses and how they use or process it. The main core of this logic is the difference between 
knowledge attributes (facts, theories, principles, definitions, and strategies) plays a different 
role in the way to solve the problem starting from exploring the context, discovering 
information, building hypothesis, and confirming or verifying the solution (Csapó & Funke, 
2017). 
In the framework of domain-specific problem solving, Rausch & Wuttke(2016) documented 
phases of a problem-solving approach. They identify four main steps including (1) identifying 
information gaps and needs for action, (2) processing information when the information and 
knowledge related problem are stored, interpreted, and used for understanding the problem 
and making a decision (Lachman et al., 2015), (3) arriving at a well-establish solution. Based 
on the available information and cognitive processing, a solution can be proposed with strong 
analytical calculation and (4) communicating decision, despite taking actions for solving the 
problem, one step that is needed to do is communicating the result of the problem solution. 
Hence communicating a solution in oral or written form and making  anyone aware of it 
becomes an important facet of domain-specific problem-solving Schoenfeld(2013) explains if 
a person wants to engage in a goal-oriented activity such as problem-solving, he or she needs 
to make a series of activities such as stating  the goals, maintaining the individual knowledge 
or resources of his or her disposal, developing individual beliefs and orientation, and making 
decisions. 
Domain-specific problem solving has a different position in real-life problem-solving 
activities. While domain-general plays an important role in the daily routine real-world 
context as basic intelligence skills, domain-specific problem-solving is mostly used in 
educational training for the teaching of problem-solving. In a complex and specific problem 
situation, the procedure for finding solutions and making decisions are the same with the 
specific domain problem-solving approach. That makes a sense, in the real world, a complex 
problem should be given provided for the experts for them to solve it. Indeed, they also use a 
general domain framework to solve the problem efficiently. In conclusion, both general and 
specific-problem solving are needed in solving a real-world problem when domain-general 
plays as basic intelligence in individual skills and specific-domain supports through providing 
a problem-solving approach with comprehensive knowledge and information. 
Method 
Data Source 
The research included in this review is restricted to problem-solving test development 
research. All of the studies were achieved from a comprehensive search through databases 
DOAJ, Research Gate, ERIC, and Google Scholar containing studies published from January 
2010 to June 2020. The search strategy is varied among databases, but it commonly includes 
keywords such as “assessment”, “test”, “problem-solving”, “mathematics and science”, 
“validation/validity”, or “Indonesia”. Systematical search was conducted in entering the 
combination of keywords in the databases both in English and Indonesian. All of the studies 
gathered were conducted in Indonesia and administered the Indonesian version of problem-
solving tests. All published studies in journals and conference proceedings are involved in this 
review. 
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Inclusion and exclusion criteria 
The studies included in this review should meet the following criteria: (1) the tests are 
standardized (2) the sample number of the study was reported (3) empirical results in validity 
and reliability were declared (4) the tests were projected to high school and university 
students. The total amount of 93 studies about the Indonesian problem-solving test was found. 
61 (65.59%) of them were excluded because the study only showed test design without any 
report on the empirical study. In the end, a total amount of 32 (34.41%) studies were included 
with criteria in showing test structure, validity, and reliability results. 
Data coding and analysis 
The features related to the focus of the study were coded including (a) the 
topic/content of the test focus (e.g., mathematics, science, physics, chemistry, or biology), (b) 
the test development quality that indicated by validity and reliability value, (c) grade 
distribution, and (d) test framework, indicated by the theoretical background in the developed 
test items. Furthermore, all of the studies were analyzed descriptively. 
Result and Discussion 
Out of the 32 published studies used in this review, 1 study (3.13%) was found in 
2012, followed by 2 (6.25%) studies in 2014, 1 (3.13%) in 2015, 4 (12.50%) in 2016, 7 
(21.87%) in 2017, 9 (25.12%) in 2018, 5 (15.63%) in 2019, and 3 (9.37%) in 2020. Tests used 
a specific subject and a different problem-solving framework. Each problem-solving 
framework is translated into questions in multiple-choice and essay form. The total items 
developed in the studies are varied from 5 to 103 items. All tests are in the paper-based form. 
The details of the problem-solving test founded in Indonesia are described in Table 1. 
Table 1. The developed problem-solving test in Indonesia  
No. Author (s) Year Subject Test items Number of 
participants 
Reliability  Type of validity 
N type    
1 Sinaga 2016 mathematics 5 essay 90 .650 Content & 
Construct 
2 Pardimin et al. 2017 mathematics 5 essay 90 .803 Content  
3 Anggraeni et 
al. 
2018 mathematics 15 essay 40 .732 Content 
4 Wahyuningrum  2014 mathematics 5 essay 122   .595* Content & 
Construct 
5 Zulkarnain et 
al. 
2018 mathematics 5 essay 30 .690 Content & 
Construct 
6 Ariawan 2016 mathematics 6 essay 78 .640 Content & 
Construct 
7 Bidasari 2017 mathematics 12 essay 36 .871 Content & 
Construct 
8 Novita  2012 mathematics 15 essay 25 .737 Content  
9 Februarini et 
al. 
2017 mathematics 6 essay 38 .800 Content & 
Construct 
10 Putra 2017 mathematics 5 essay 10   .580* Content & 
Construct 
11 Subekti et al. 2014 mathematics 5 essay 29 .761 Content & 
Construct 
12 Hendriyana et 
al. 




2019 mathematics 4 essay 32 .751 Content  
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Note: The reliability value shown in the table using Cronbach-alpha reliability. *the past reliability 
cannot be considered as high (e.g. above .80) or at least marginally acceptable (e.g. above .60) (Gliner 
et al., 2017). 
Problem solving test framework 
In developing a problem-solving test, each study used different problem-solving 
frameworks and indicators. Most of the studies used Polya’s problem-solving framework in 
which the items represent skills to understand the problem, devise a plan, carry out the plan, 
and evaluate the problem solution. It recorded that 11 of 32 studies used Polya’s problem-
solving framework and they were translated into one or more different questions. The other 3 
studies used Doctor and Heller’s problem-solving framework(year?) that has a specific term 
in physics or science context. 3 studies used OECD cognitive problem-solving framework 
(OECD, 2014) that was modified to fit specific mathematics and chemistry questions. 
Moreover, 9 studies used different references for constructing problem-solving test items. 
They modified concepts from different resources (Sumarmo, 2015; Butterworth & Thwaites, 
2013; Jonassen, 2010; Brookhart & Nitko, 2014; Bransford et al., 1986). There is one study 
that did not explicitly mention their main references but only gave an explanation that used a 
problem-solving indicator in choosing a strategy to solve mathematics problem-solving. The 
last 5 studies did not explain their construct framework explicitly and only mentioned 
‘solving the problems’. The detailed problem-solving framework used in the literature study 
is shown in Table 2. 
14 Irawati et al.  2018 mathematics 4 essay 5 .780 Content & 
Construct 
15 Alfika et al. 2018 science 5 essay 10 .697 Content  
16 Hidayat et al. 2017 science 15 essay 35 .880 Content & 
Construct 
17 Lutfi et al. 2019 science 15 essay 30 .835 Content & 
Construct 
18 Pratiwi et al. 2015 physics 15 essay 35 .917 Content  
19 Nadapdap et al. 2017 physics 52 multiple 
choices 
281 .800 Content & 
Construct 
20 Syifauliyah 2019 physics 10 essay 30 .880 Content 
21 Lestari et al. 2019 physics 5 essay 40 .839 Content & 
Construct 
22 Sinensis et al. 2019 physics 20 essay 52 .759 Content & 
Construct 
23 Kurniawan et 
al. 
2018 physics 8 essay 60 .670 Content & 
Construct 
24 Yulianti et al. 2018 physics 103 Multiple 
choices 
34 .780 Content & 
Construct 
25 Sutiadi et al.  2016 physics 24 essay 37   .431* Content & 
Construct 
26 Rifa’i et al. 2018 physics 5 essay 101 .621 Content 
27 Savitri et al.  2020 physics 5 essay 25 .770 Content & 
Construct 
28 Wardhani et al.  2020 physics 5 essay 25 .800 Content & 
Construct 
29 Faturrahman et 
al.  
2016 chemistry 10 essay 37 .730 Content 
30 Harta 2017 chemistry 5 essay 127 .930 Content & 
Construct 
31 Hidayat et al.  2018 chemistry 4 essay 42 .710 Content 
32 Ridhwan et al. 2020 biology 10 essay 136 .876 Content & 
Construct 
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Table 2. The Problem-solving framework used in the literature study 
Topic distribution 
The problem-solving test developed in the Indonesian context strictly follows the 
national curriculum regulation and administered in light of the core competencies in the 
curriculum. The tests addressed the specific topics and targeted different grades. From 32 
studies gathered in this review, they specifically addressed a certain grade. Starting from 
middle school from grade 7 to grade 9, 10 studies are found for mathematics problem solving 
test and 4 studies for science problem solving test. In the high school, the problem-solving 
tests are available for mathematics (4 studies), physics (4 studies), chemistry (3 studies), and 
biology (1 study). Then for undergraduate level, the problem-solving tests are only found in 
physics (5 studies) and mathematics (1 study) courses. 
The topic used in the problem-solving test is varied across the grade. The sub-topic and 
Authors Year Problem-solving aspects 
Alfika et al. 
Anggriani et al. 
Hendriyana et al.  
Irawati et al. 
Lestari et al.  
Nadapdap et al.  
Pardimin et al.  
Pratiwi et al.  
Subekti et al.  
Wahyuningrum  












(a) understanding the problem, (b) devising a plan, (c) carrying out 
the plan, and (d) evaluating  the problem solution (Polya, 2004) 
Hidayat et al.  
Syifauliyah  




(a) visualizing the problem, (b) using physics approach, (c) making 
a specific application in physics, (d) using a mathematical 
procedure, and (e) defining a logic conclusion (Docktor & Heller, 
2009)  
Bidasari 





(a) exploring and understanding, (b) representing and formulating, 
(c) planning and executing, (d) monitoring and reflecting (OECD, 
2014) 
Putra 2017 (a) Formulating the problem, (b) defining semi-structural 
information, (c) figuring out solutions (Sumarmo, 2015) 
Kurniawan et al.  2018 (a) combining imaginative skills, (b) developing modesl, (c) 
conducting an investigation, (d) analyzing data and arriving at a  
conclusion (Butterworth, J., & Thwaites, 2013) 
Sinensis et al.  2019 (a) problem schema, (b) analogy, (c) causal, (d) argumentation 
(Jonassen, 2010) 
Luthfi et al.  
Peranginangin et al. 




(a) identifying the problem, (b) determining goals, (c) making 
strategy, (d) exploring strategy, (e) making action (Brookhart, S. 
M., & Nitko, 2014) 
Faturrahman et al.  
Ridhwan et al. 
2016 
2020 
(a) identify the problem, (b) define and represent the problem, (c) 
explore possible strategies, (d) act on the strategies, (e) look back 
and evaluate the effects of your activities (Bransford et al., 1986) 
Yulianti et al.  2018 (a) Scientific approach, (b) structured and unstructured manner, (c) 
memory-based approach, and (d) no clear approach (Walsh, et al., 
2007)  
Februarini et al.  2017 Choosing a strategy to solve the problem 
Ariawan   
Harta   
Rifa’i et al. 
Sinaga  






Solving the problem 
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subject competency are different from grades 7 to 12. For the undergraduate level, there is no 
restriction because every higher educational institution can modify and/or make its 
curriculum. That is to say, there is a general standard for higher education in Indonesia 
provided by the national education department, but every institution or university has the 
authority to make and implement its educational system. The detailed topics of problem-
solving items are given in Table 3. 
Table 3. Topic distribution of problem-solving assessment tools in Indonesia 
Validity and reliability results of the developed tests 
This review also investigates the empirical validity and reliability tests used in the 
study. The developed tests used Cronbach-alpha reliability to check the item consistency and 
it was done by SPSS software. From the reliability result, only 3 tests have a low-reliability 
score (r < .60). 19 tests have acceptable reliability score (r-value between .60 and .80) and 10 
studies reported high-reliability score (r > .80). In the term of validity, 10 studies only 
reported the content validity result and 22 studies reported both content and construct validity. 
The content validity conducted by the studies focused on the topic consistency in which the 
item's writing is correct based on the knowledge background and the language composition. 
The number of experts involved in the content validation varied from 2 to 7 people. Many of 
them are university and high school teachers that have experience in teaching related subjects. 
All studies took into consideration expert evaluations and make judgments based on these . 
Thus, some revisions were made until all items are considered valid by the experts. 
The construct validity was done by 22 studies that showed valid evidence of the developed 
items. Most studies, 19 of them, used Pearson correlation analysis to measure the item's 
validity. They showed validity with good results, high positive r value, and significant 
statistics. The r-value varied between studies, the lowest value is about r= .380 the highest is 
r= .880. All tests in the studies are considered acceptable and valid. Moreover, 3 studies used 
Rasch analysis in determining the validity of the item. They measure INFIT MNSQ to check 
the fitting items with the model. The tests showed the INFIT MNSQ index range from 0.99 to 
1.03 with an acceptable range is usually from 0.7 to 1.3 (Griffin, 1999). That result means all 
items measure the problem-solving skills correctly. 
All developed problem-solving tests in Indonesia are in the scope of certain content 
Grade Mathematics Science 
7 Set and number, linear 
function, geometry  
Environmental issues 
8 Statistic and probability, 
linear function, geometry  
Force and motion, wave and sound  




 Mathematics Physics Chemistry Biology  






11 Function  
 
Wave and sound, elasticity, optical 
instruments, static fluid, 





12 Set and number  - - - 
Under 
graduate 
Calculus  Thermodynamics; Dynamic 
electricity; momentum and impuls  
- - 
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knowledge and subject (mathematics, physics, chemistry, biology, and science for junior high 
school). The acquired knowledge from experience to the current situation will help the 
individual to generate a solution. Depending on the nature of a problem, different type of 
knowledge plays a different role in the problem-solving process because problems occur with 
different conditions (Liao, 2002). Because of its preference to a specific context, this 
assessment gives a good contribution to promoting problem-solving skills in educational 
practice. The tests are designed as part of teaching and learning process and the context of the 
test is matched with the core competency of curriculum through which the students learn. 
This test also serves as an evaluation of a student’s competency both in problem solving skills 
and subject course. 
Problem-solving tests are available for high school and university students. It is seen that all 
tests were designed for specific domains with most of them using Polya’s problem-solving 
framework. In this case, Polya’s problem solving that originally developed in 1963 is 
constructed for mathematics education. He claimed that the knowledge in mathematics is 
obtainable by using thesuitable problem situation and rediscovery is a useful tool for active 
learning (Voskoglou, 2011). By the time, this framework has been reshaped and begun to be  
used not only for mathematics problem solving but also for science contexts. Moreover, other 
important issues related to problem solving framework are the uses of general-domain 
problem solving framework in specific-domain problem solving test construction. Some 
studies used PISA problem solving framework for mathematics and chemistry problem 
solving test. In PISA test of problem solving, the construct of their frameworks is 
implemented in the general task and not connected to any curriculum subject (i.e., traffic, 
climate control, and robot cleaners). The idea of using domain-general framework in specific-
domain problem solving rises the universality of knowledge and principles in assessment 
studies. 
The other studies used different problem-solving framework, but they share similar principles. 
For example, the first step in the process of problem-solving in every study is related to 
understanding the problem. It is a common task when someone tries to solve the problem. 
They need to know what the problem is, what variables are related to the problem, and how 
they understand the problem. Knowing the problem will lead to a clear-thinking path and 
direction for stepping in the way to the solution. Secondly, it is making the strategy of a plan 
for solving the strategy. All of the tests implement this aspect. Some of them put different 
and/or additional skills like determining goals and gathering information before making a 
strategy. The next steps are acting for the strategy or executing the plans they have made for 
the solution to the problem, and the last is making an evaluation or reflection based on the 
solution impact. However, the literature background used by one test developer is different 
from the others. Despite determining the process of making a solution, the problem-solving 
framework constructed by Jonassen (2010) is mentioning the analogy, causal relationship, and 
argumentation that are closer to being a mental process. Those skills are important as 
individual thinking skills in finding a solution for a given problem. 
Even though the test administered in light of the topic in the curriculum, each grade iscovered 
by the developed tests. For subjects like mathematics, it can be found the developed problem-
solving test in every grade ranged from middle school to undergraduate level. Then for 
physics, there is only the need test? for twelve grade students and in science subject there 
exists the test for the nineth grade. However, only few problem-solving tests were developed 
in chemistry (grade 10th and 11th) and biology subjects (grade 10th in environmental and 
pollution topic). The quite interesting thing here is about chemistry and biology problem 
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solving because those subjects have many connections to real “problematic” situations.  Many 
aspects in chemistry and biology represent problem situations, for example, in chemical 
contamination, conservation, and pandemic disease are the real problems need to be solved in 
recent day. Then, introducing students these chemistry and biology-related problems through 
learning and assessment will them to be future problem solvers. 
In the test empirical analysis, some items show acceptable Cronbach-alpha reliability. Only 
three developed tests have low r value. In cases where the test that has low reliability, it is 
better if they do some modifications or revisions to those items then re-run the analysis. 
Moreover, for essay type test, the scoring depends on the strength of rubric and the raters, 
thus it is suggested to use an additional reliability test to check the consistency of the items 
based on rating system such as interrater reliability (Gliner et al, 2017). 
In the test validity, nearly half of the tests only conducted content validity which documented 
the relation of test specification with their content (Downing & Haladyna, 1997). That makes 
the test only checked by the expert and being validated by a personal judgment. They checked 
the domain used to constitute the construct. It did not show the empirical result that reflects 
items position based on the test taker’s perspective. The empirical investigation is critical for 
high stakes examination such as problem-solving skills, in order to make sure that the items 
correctly measure students’ skills. the other tests that used both content and construct validity, 
showed more solid results because they used empirical data that refers to what extent the 
items measure the construct (Westen & Rosenthal, 2003). 
The studies used different sample numbers, but all are with relatively small numbers (21 
studies used less than 50 samples, 6 studies with 50-100 samples and 5 studies with more than 
100 samples). Some scholars underpin that the more samples are used in the validity measure, 
the better results in research quality are obtained. Schumacker & Lomax2014 also mentioned 
that the sample numbers for conducting validity are disparately ranging from 150 to 1000 
samples based on the estimated parameter method and data normality. However, there is no 
exact number of samples or participants that must be included in the item's development 
study, in fact it depends on many factors.it will better if the sample number is relatively high 
and represents the exact population. 
Summary 
The problem-solving skills have a beneficial impact in real life. Thus, they should be 
introduced early to the young generation and become a focus for educational purposes. The 
implementation of problem-solving skills in educational practice can be done in many aspects 
especially in the assessment process. In Indonesia, it was reported that 32 studies focused on 
problem-solving test development in specific topic based on curriculum and they are 
projected for high school to higher education level. The topic distribution is mostly found in 
mathematics (15 studies), physics (9 studies), integrated science for junior high school (4 
studies), chemistry (3 studies), and biology (1 study).  There are a lot of frameworks used for 
developing problem-solving tests in Indonesia. The most frequently used framework is 
Polya’s problem solving (34.4%) that was originally developed for mathematics problem 
solving and then reconstructed to fit into different subjects. The result reported 90% of the 
studies have moderate to good reliability value (r > .60) and only 10% of them has low 
reliability (r < .60). The validity analysis has been an issue since 10 studies did not report the 
construct validity. among 22 studies that reported construct validity, 86.4% of them 
performed Pearson correlation analysis and 13.6% used Rasch analysis. Apparently advance 
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analysis techniques for test development such as factor analysis and Rasch analysis are not 
widely used in Indonesian studies. Of All the studies in problem solving assessment available 
in the Indonesian context these are few in the term of quality and quantity. There are some 
limitations in the topic distribution and empirical test analysis (validity and reliability result). 
To this end further research concentrating on t problem-solving test development with a good 
research setting is needed to improve  the quality of problem-solving assessment in Indonesia. 
With a view to improving problem-solving research in assessment and test development 
applying advance empirical test analysis such as factor analysis (exploratory or confirmatory 
factor analysis) and Rasch analysis can be helpful. The use of a large sample number is 
required to get adequate statistical analysis and strong validity results. Since the test is 
embedded in the specific subject such as mathematics and science, more topics should be 
administered by the test. The review result shows that the tests dominantly available are in 
mathematics and physics subject. Thus, the research and the development of problem-solving 
assessment is urgently needed in different topics like science, chemistry, and biology 
targeting different educational levels. 
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